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ABSTRACT

Ninety-six male albino rats were trained to
lever press for a sucrose reinforcement.

Following

training, a lever press produced one of the follow
ing treatments; a foot shock, an electroconvulsive
shock (ECS), carbon dioxide (CC^) anesthesia, foot
shock plus ECS, foot shock plus CO2 anesthesia, or
no treatment.

It was found that ECS produced

retrograde amnesia (RA) in the one-trial passiveavoidance learning situation but CO2 anesthesia failed
to produce amnesia for the foot shock.

Partial

recovery from ECS induced RA was effected by a
"reminder" shock administered 4 hrs. following ECS
treatment.

The recovery from amnesia indicates

that trauma induced memory loss may not be due to
destruction of the memory, as is held by supporters
of consolidation theory, but may be due to disruption
of retrieval processes necessary for the expression
of the memory.

vi

INTRODUCTION

The phenomenon of retrograde amnesia (RA) in
man has been well established by clinical case reports.
Patients who experience head trauma severe enough to
cause the loss of consciousness tend to have dif
ficulty recalling those events that occur shortly
before the head injury (Russel & Nathan, 19^6).
This selective loss for recent memory has been term
ed "retrograde amnesia."

The introduction of electro

shock therapy in 1937 stimulated renewed interest in
RA.

Many clinicians observed that electroconvulsive

shock (ECS) produces a temporary postshock amnesia
which was followed by a partial recovery of memory.
During recovery older memories are reacquired first,
regardless of their relative importance, but amnesia
for events immediately preceding the ECS treatment
persists indefinitely (Deutsch, 1962; Glickman, 1961).
The apparent strengthening of memory over time
has been explained in terms of "consolidation theory."
The basic supposition of consolidation is that memory

2

is dependent upon some morphological change or growth
in the neural tissue which requires time to be com
pleted (Deutsch, 1962; Glickman, 1961? McGaugh, 1966).
It is further hypothesised that during the consoli
dation process which follows registration, the memory
trace remains vulnerable to disruption.

This relative

strengthening of the memory trace over time explains
the selective nature of RA (Deutsch, 1962; Glickman,
1961; McGaugh, 1966).
The concept of memory consolidation is not new.
At the turn of the century Muller and Pilzecker
(1900) postulated the idea of perseverative neural
processes in order to account for the phenomenon
of retroactive inhibition.

Shortly thereafter Burn

ham (190^) and McDougall (1901) suggested that trauma
induced memory losses could be attributed to the dis
ruption of perseverative neural activity necessary
for the fixation of the memory trace.
A number of modern theorists supporting consoli
dation theory make the assumption that memory develops
in two or more stages.

A temporary "short-term" pro

cess is required to account for immediate recall fol
lowing an experience, while permanent "long-term"
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traces are dependent upon some yet unknown physio
logical consolidation process (Barondes & Cohen,
1966; John, 1967; Luttges & McGaugh, 1966; McGaugh,
1966)0

It is further assumed, by some theorists,

that disruption of the consolidation process pro
duces permanent impairment of the memory trace
(Chevalier, 1965; Greenough, Schwitzgebel, & Fulcher,
1968; Herz & Peeke, 1967; Lewis, 1969; Luttges &
McGaugh, 1966).
Although the physiological substrate of memory
consolidation is not yet known the phenomenon may
still be studied in the laboratory.

In general this

has been done by examining the effect of severe
cerebral trauma on an organism's ability to remember
a specific event.

Many post-learning treatments

which disrupt the normal metabolic and electrochemical
activity of the brain have been tried.

Varying de

grees of success have been attained using depressive
and convulsive drugs, certain antibiotics (protein
synthesis inhibitors), cortical spreading depression,
ECS, heat induced narcosis, hypoxia and carbon di
oxide anesthesia (Deutsch, 1962; Glickman, 1961;
Lewis, 1969).

Perhaps the most convincing evidence in support
of consolidation theory comes from those studies which
indicate that the magnitude of RA can be varied by
delaying the administration of the amnesic agent.
That is, the magnitude of RA for a specific event is
inversely proportional to the time interval between
that event and the onset of the amnesic treatment
(McGaugh, 1966),

The fact that amnesic treatments

become progressively less effective as the learningtreatment interval increases strongly suggests that
the memory trace stabilizes over time until it be
comes permanently fixed and is no longer subject to
disruption (Lewis, 1969).
The length of effective learning-treatment in
tervals varies greatly with the type amnesic treat
ment used, the intensity of the treatment and the
experimental design (Lewis, 1969)®

It has been shown,

for example, that in the same experimental situation
pentylenetetrazol (metrazol) shock produces RA at
learning-treatment intervals of up to ^ days while
sodium barbitol and ether are effective only within
10-15 minutes (Pearlman, Sharpless & Jarvik, 1961).
Multiple treatments of ECS have produced RA at
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learning-treatment intervals of over 30 days (Stone
& Bakhtiari, 1956), "but there is reason to attri
bute these findings to the aversiveness of multiple
ECS treatments (Spevack & Suboski, 1969).

Single

ECS treatments seem to be effective at intervals of
one hour or less (Lewis, 1969).

Cortical spreading

depression produces RA up to 2 hrs. following one
trial reversal learning (Bures & Buresova, 1963)
and in a similar one trial reversal paradigm puromycln produces RA at intervals of Zk hrs. to ^3 days
depending on the locus of intracerebral injection
(Flexner, Flexner & Stellar, 1963).
Varying the intensity and duration of ECS can
modify the learning-treatment intervals at which
it is effective as an amnesic agent (McGaugh, 1966;
Miller, 1968).

Similarly, increasing exposure time

to a CO2 environment (10,15 and 25 sec's) produces
corresponding increases in RA (Paolino, Quartermain
and Miller, 1966).

Thompson (1957) found that

hypoxia resulting from a single exposure to 30,000 ft.
was as effective as ECS in producing RA in a visual
discrimination task, but that exposure to 20,000 ft.
was less effective.
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Recently, Lewis (1969) has suggested that am
nesia following head trauma may not be due to dis
ruption of memory consolidation,

Lewis points out

that there is more to memory than the fixation of a
trace; there must also be some mechanism for thq
retrieval of the trace.

What Lewis suggests is that

memory is permanently fixed in a very short time
(less than 1 sec.) and that cerebral trauma inhib
its the retrieval processes necessary for the ex
pression of the memory.

The hypothesis that memory

can be permanently fixed in less than one second is
not inconsistant with recent biochemical theories
of memory.

These relatively new theories (see

Gurowitz, 19^9) suggest that the bases of memory
is the intracellular modification of ribonucleic
acids, proteins and polypeptides.

These biochem

ical changes resulting from experiential events take
place almost immediately following registration and
therefore the memory trace would not require time
to consolidate,
Lewis maintains that recent studies which show
spontaneous recovery of memory following ECS (Koh
lenberg & Trabasso, 1968; Miller, 1968, Zinken &
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Miller, 1967) weaken the consolidation position.
He argues that if amnesic agents disrupt the fix
ation of a trace, recovery should not be possible.
Lewis points to another study (Schneider & Sherman,
1968), which indicates that older, well establish
ed memories, which are not normally, effected by
ECS, become subject to ECS-induced RA if they are
reactivated just prior to the ECS treatment.

This

would indicate that amnesic agents affect active
memory systems independent of consolidation time.
Perhaps the most convincing support for Lewis's
hypothesis comes from studies which show recovery
from ECS-induced RA following a "reminder shock"
(Geller & Jarvik, 1968; Koppenaal, Jagoda & Cruce,
1967; Lewis, Miller & Misanin, 1968).

In these

studies rats which are given a foot shock after
\

stepping down from a raised platform to an elect
rified grid floor show fear when replaced on the
platform.

If the foot shock is followed by ECS

the fear is reduced, but if a "reminder shock" is
given in another apparatus the amnesia for the
first shock appears to be reduced.
If recovery from RA can be consistently demon-
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strated using other experimental designs and am
nesic agents then consolidation theory may require
revision.

The purpose of the present research was

to determine if recovery from RA could be effected
under experimental conditions other than those al
ready attempted.

In addition an attempt was made

to effect recovery for RA induced by an amnesic
agent other than ECS.

v

METHOD

Subjects.

The Ss were 96 naive male albino

rats, 150 - 200, gm. in weight at the start of the
experiment.

Apparatus.

The apparatus consisted of two

identical Scientific Prototype operant chambers,
each enclosed in a sound insulated, ventilated box.
Each operant chamber (7 5/8 in. deep, 9 1/^ in» long
and 8 3/^ in. wide), had a grid floor constructed
of 1/8 in. steel rods set apart 7/16 in. on centers.
A liquid dipper, which dispensed .01 ml. of a h0%
sucrose solution, used as reinforcement, was at
tached to an end wall of each chamber.

The dipper

was activated by a retractable metal lever (1 in.
wide and 1/k in„ thick) which required 11 gm. force
to depress.

Each lever was set 2 in. above and to

the left of the dipper.

The outer wall of each

operant chamber was fitted with a nozzle that per
mitted flooding the chamber with carbon dioxide gas
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from a high pressure CO£ tank.
A separate box (k 1/2 in. deep, 6 1/2 in. long
and 5 1/2 in, wide) made of 1/k in. plexiglas was
used to administer the reminder shock.

The grid

floor of the box was constructed of 1/k in. bronze
rods, set apart 5/8 in. on centers.

All E-control-

led events were operated by an electronic program
ming device.

Procedure.

The Ss were randomly selected from

the Louisiana State University colony, placed in
individual cages and kept on an ad lib food and
water schedule for four days after which Ss were
placed on a food deprivation schedule consisting of
10 gm. Purina Chow every 2k hrs.

Water was avail

able in the cages at all times, and Ss were fed ap
proximately 10 min. after each experimental session.
From the fifth to the ninth day Ss were handled
in pairs for 5 min, each day.

From the tenth to the

thirteenth day Ss began magazine training on a VI 30
sec. schedule.

Experimental periods consisted of 20

presentations of the dipper each day.
On the fourteenth day all Ss were conditioned
to lever press and were allowed to make 50 rein-
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forced responses.

On the

fifteenth day Ss began

acquisition training on a continuous reinforcement
schedule for 10 days.

During acquisition Ss were

allowed 100 reinforced lever presses each day under
free operant conditions.
On the day following completion of acquisi
tion Ss were randomly divided into the following
six treatment groups (N=l6):
Foot Shock Plus ECS Group (FSECS)— On treat
ment day Ss in this group were fitted with a harness.
Fine wire, which entered the operant chamber from
the top, was connected to the harness and from the
harness to micro-alligator clips which were attached
to S's ears.

The harness arrangement permitted

complete freedom of movement to all parts of the
operant chamber.

The first lever press produced a

3 ma. foot shock of 2 sec. duration delivered through
the grid floor, and the lever retracted.
set

The off

of the foot shock initiated the onset of a

50 m a . , 500 msec. ECS delivered through the earclip
electrodes.
ECS Only Group (ECSO)— Ss in this group receiv
ed the same treatment as the FSECS Group with the
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exception that no foot shock preceded the admin
istration of the ECS.
Foot Shock Plus CO? Group (FSCO?)— For Ss in
this group the first lever press produced the 3 m a , ,
2 sec. foot shock and the lever retracted.

Contig

uous with foot shock termination, the operant cham
ber was flooded with CO? gas.

The Ss were exposed

to the CO? environment for 4-0 sec., removed and
given manual respiratory assistance until normal
respiration returned.
CO? Only Group (C0?0)— Ss in this group re
ceived the same treatment as the FSCO^ Group with
the exception that no foot shock was given prior to
the CO? treatment.
Foot Shock Only Group (FSO)— For Ss in this
group the first lever press produced the 3 ma«, 2
sec. foot shock and the lever retracted.
Control Group (00)— The Ss in this group were
controlso

Following the first lever press the lever

retracted and Ss were removed from the operant cham
ber without punishment or amnesic treatment.
Half the Ss from each treatment group were
randomly selected to receive the reminder

foot shock.
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This shock was identical to the first foot shock
(3 ma.,2 sec,,) and was administered ^ hrs. follow
ing treatment.

The stimulus conditions for the re

minder shock were made as different as possible from
the shock given in the operant chamber by using a
special shock box in a separate, darkened room.
All Ss were given a 10 min. extinction session Zk
hrs. following treatment.

During extinction the

stimulus conditions were the same as during acquisi
tion with the exception that the dipper was inop
erative.

RESULTS

The mean response rates of the various treat
ment groups were computed for the last 2 days of ac
quisition,,

These data, shown in Table 1, were sub

jected to a Kruskal-Wallis analysis of variance by
ranks (H= 8,08,

jd

= .?0) indicating that there were

no significant differences in the response rates prior
to treatment.

The latency of the first lever press on

test day was recorded and these response latencies are
shown in Figure 1.

These data were subjected to

a priori Mann-Whitney U comparisons which are sum
marized in Table 2,

The latency for the SO Group

was greater than the 00 Group indicating that the
foot shock was an effective suppressor.

The la

tency for the ECSO and C0£0 Groups did not differ
from the 00 Group which indicates that neither am
nesic treatment was aversive.

The SECS Group was

significantly faster than the SO Group demon
strating that the ECS treatment reduced the sup
pression resulting from the foot shock, but the
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TABLE 1
MEAN RESPONSE RATES FOR THE
LAST TWO DAYS OF ACQUISITION TRAINING

Treatment
Groups

Mean Responses Per Min..
Reminder Shock

No Reminder Shock

00

25.2

30.5

SO

27.1

26„1

ECSO

31.0

29.5

SECS

29.0

30.8

C020

30.9

2^,8

sco2

25.8

29.6

187

R e mi n d e r
No R e m i n d e r
70-

60
L atency

50

Mean

-

30

-

-

20

-

10

-

O O

SO

EG SO

T reatm en t

SECS

COoO

SCO

G roups

Figure 1. M e a n latency in seconds to first lever press on test day.
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TABLE 2
MANN-WHITHEY U COMPARISONS FOR RESPONSE
LATENCY TO FIRST LEVER PRESS ON TEST DAY

Group Comparisons

£

00 vs SO

.000

ECSO vs 00

.3^2

CO2O vs 00

.221

SECS vs SO

.000

SCO2 vs SO

.152
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SCC>2 Group was not statistically different from the
SO Group indicating that the CO2 treatment failed
to produce RA for the foot shock.
The number of responses made in extinction
on test day were also recorded.

Figure 2 shows

the mean number of responses for each group at the
end of the first minute of extinction.

These data

were subjected to the same a priori comparisons as
were the latency data; the resulting t tests are
summarized in Table 3»

As can be seen from Table 3

the relationships between the treatment groups re
main the same and the same interpretations may be
made: the foot shock was an effective suppressor;
the amnesic treatments were not aversive; ECS ef
fectively produced RA for the foot shock, and CO2
anesthesia failed to produce RA for the foot shock.
The mean number of responses in extinction were
also recorded at 5 min. and at the end of the 10
min. extinction period.

At these periods differ

ences between the 00 Group and the SO Group were
no longer statistically significant and therefore
no other comparisons were considered valid.
The effect of the reminder shock was tested

Mean

Lever

Presses

30

Reminder
No Reminder

-

25

-

20

15
10

00

SO

ECSO

Treatment

SECS

CO^O

SC02

d u ri n g

the first

Groups

gure 2. M e a n n u m b e r of lever presses m a d e
inute of extinction on test day.
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TABLE 3
GROUP COMPARISONS FOR THE MEAN NUMBER OF
LEVER PRESSES AT THE END OF THE FIRST
MINUTE OF EXTINCTION

R

00 vs SO

4.l6

<.001

ECSO vs 00

1.21

co2o vs 00

.78

SECS vs SO

3*76

SC02 vs SO

.65

V

•
o

A

oo

t

Group Comparisons

< .01
O
•
A
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by making a priori comparisons between the sub
groups in each treatment condition.

Table k gives

the Mann-Whitney U comparisons between the treat
ment subgroups for the latency of the first lever
press.

The Ss in the 00 Group which received the

reminder shock did not differ from Ss which receiv
ed no reminder shock indicating that the aversiveness of the reminder shock did not generalize from
the shock box to the operant chamber (see Figure 1).
The SECS Group was the only group to show signif
icant differences between reminder and no reminder
shock Sso

The longer latency for those Ss that re

ceived foot shock plus ECS followed by the reminder
shock indicates that the reminder shock reduced the
RA effect of the ECS.

Comparisons between the re

minder shock and no reminder shock subgroups w^re
made for the mean number of responses at the end
of one minute of extinction.
are given in Table 5»

These comparisons

The SECS Group was again

the only group which showed a significant differ
ence between Ss which received the reminder shock
and Ss which received no reminder shock (see Fig
ure 2 ).
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TABLE 4
MANN-WHITNEY U COMPARISONS BETWEEN REMINDER
AND NO-REMINDER SUBGROUPS FOR RESPONSE
LATENCY TO FIRST LEVER PRESS ON TEST DAY

Subgroup Comparisons

£

00 vs 00 + Rem.

.11?

SO vs SO + Rem,

*323

ECSO vs

ECSO + Rem.

.419

SECS vs

SECS + Rem.

,04l

«

COgO vs

COgO + Rem.

.460

SCO^ vs

SCO^ + Rem.

,221
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TABLE 5
COMPARISONS BETWEEN REMINDER AND NO REMINDER
SUBGROUPS FOR THE M E M NUMBER OF LEVER PRESSES
AT THE END OF THE FIRST MINUTE OF EXTINCTION

SuBgroup Comparisons

t

00 vs 00 + Rem,

.58

SO vs SO + Rem,

£
>.05
>.05

ECSO vs ECSO + Rem,

.89

>.05

SECS vs SECS + Rem,

Z.kk

<.025

C020 vs co2o + Rem.

,0 6

>.05

SC02 vs SC02 + Rem,

1.58

>.05

DISCUSSION

The finding that ECS and CO2 anesthesia were
not aversive is consistent with other studies
(Hudspeth, McGaugh & Thompson, 196^; Paolino, et.
al., 1966) which showed these amnesic agents to
he aversive only after repeated treatments.

The

finding that ECS significantly reduced the sup
pressing effect of the foot shock in the SECS Group
was expected, and demonstrates once again that ECS
serves as an effective amnesic agent in this type
passive avoidance paradigm (Heriot & Coleman, 1962;
Young & Day, unpublished data).
The fact that the SCO2 Group did not differ
from the SO Group raises a question as to the ef
fectiveness of CO2 as an amnesic agent.

It is dif

ficult to understand why the C0£ treatment failed
to produce RA since other investigators have found
it to be effective using the passive avoidance de
sign (Paolino et. al., 1966; Quinton, 1966; Taber
& Banuazizi, 1965)*

In this study every effort
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was made to maximize the amnesic effect of the CC>2
treatment.

Paolino et. al. (1966) were able to

produce RA when the learning CO2 treatment inter
val was delayed up to ^ minutes as compared to a
few seconds in this study.
et. al.

Additionally, Paolino

(1966) found significant RA with exposures

to CO2 of IS and 25 secs., whereas Ss in this study
were subjected to an essentially pure CO2 environ
ment for ^0 secs.

There can be little doubt that

the CO2 treatment was severe enough to produce
deep anesthesia.

Woodbury and Karler (i960) out

line three successive stages of cerebral activity
resulting from increasing concentrations of CO2 .
Behaviorally these stages are manifest by: 1 , a
loss of the righting reflex; 2 , clonic focal sei
zures, and 3 , a deep comatose state.

All three

of these stages (in reverse order) were evident in
all Ss treated with CO2 .
In comparing the amnesic effects of COg an
esthesia and ECS Paolino et. al.
basic differences.

(1966) noted two

First, the effective learning-

treatment interval is much shorter for ECS than
CO2 ; second, amnesia resulting from ECS, as
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measured by latency to enter a compartment where
Ss previously received a foot shock, was more com
plete than amnesia resulting from C02 ,

The authors

hypothesised that C02 anesthesia produces its am
nesic effect via a different mechanism than does
ECS and that the C02 treated Ss "still retain some
memory of the punishment."

By referring to Figures

1 and 2 of this study, it can be seen that the
latency for the first lever press .of the SC02 Group
is less than the SO Group, and that the mean num
ber of responses in the first minute for the SC02
Group is greater than the SO Group.

Although these

differences are not statistically significant, they
could be indicative of the partial amnesic effect in
the SC02 Group.
The finding that the reminder shock was an ef
fective suppressor only in the SECS Group is consistant with the position held by Lewis; that is,
the reminder shock significantly reduced the RA
resulting from the ECS.

It shold be noted, how

ever, that the recovery from RA was not complete,
since Ss which received the reminder shock in the
SECS Group fall in between the Ss in the 00 and SO
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Groups which received the reminder shock.
In summary, the findings of this study suggest
that a single treatment with COg anesthesia or ECS
is not aversive; that ECS serves as an effective
amnesic agent in this one-trial learning situation,
hut CC>2 anesthesia does not; that when compared
with ECS, CC>2 is at best, a very marginal amnesic
agent, and that recovery from ECS-induced amnesia
can be effected by the use of a "reminder" shock,
however, the recovery is not complete.
Recovery from trauma-induced RA is incompat
ible with a consolidation theory of memory.

This

study, together with others showing spontaneous
and experimentally induced recovery from RA, adds
to the mounting evidence that consolidation theory,
as presently formulated, can not adequately explain
trauma-induced amnesia.

Return of memory in this

study where the learning-ECS interval was very
short, 2 secs, from foot shock onset, supports the
assumption made by Lewis that memory is fixed al
most instantaneously with information input and
that ECS "effects processes occurring subsequent to
fixation"(Lewis, 1969).

How ECS prevents the
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expression of the memory trace is not clear,.

It

was postulated by Lewis and Maher (1966) that ECS
produced a massive inhibition which was conditioned
to the stimuli in which the ECS occured, and that
the "time bound" amnesic effect was due to a temp
oral stimulus generalization gradient.

It does

not seem likely that conditioned inhibition would
result from a single ECS in a one-trial learning
situation,,

Nevertheless, it appears that ECS does

"inhibit" or suppress the expression of a fixed
memory trace,and that memory is more resistant to
destruction than it.was previously thought to be.
Further study is needed to determine if recovery
from RA induced by other amnesic agents is possible
or if this phenomenon is specific to ECS induced
amnesia.
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